INTRODUCTION
Campylobacterioses are the most common gastrointestinal bacterial infections in the developed and developing countries with children under the age of fi ve being the most affected population. They are caused by Campylobacter which is a genus of Gram-negative, motile, non-spore forming bacteria of which Campylobacter jejuni and Campylobacter coli are the most frequent isolates (80-85% and 10-15% of all campylobacterioses, respectively). The source of infection is most often contaminated food products -poultry meat, unpasteurized milk, and other sources; domesticated animals such as dogs and cats are also potential sources of campylobacteriosis. The resulting infection may vary from mild watery diarrhoea to a bloody profuse diarrhoea with abdominal pain and high fever; this infection is clinically indistinguishable from gastroenteritis caused by Salmonella, Shigella or other enteropathogenic bacteria. [1] [2] [3] [4] 12, 15 Most patients recover from the infection without specifi c treatment -the infectious process is self-limiting and the symptoms are resolved within one week but the infection is recurrent in 20% of patients. Just like other any other enteropathogen, Campylobacter bacteria and especially C. jejuni cause post-infection complications of which the Guillain-Barre syndrome, an acute demyelinating disease affecting the peripheral nervous system, is the most prominent. 5, 6 The genus Campylobacter are thermophilic, exigent bacteria which die if they stay too long in the presence of oxygen, and this is quite an obstacle when it comes to isolating them. Their cultivation requires microaerophilic conditions (5% O 2 + 10% CO 2 + 85% N 2 ) at 42-43°C for 48-72h. Biochemical tests have been used most commonly to isolate the C. jejuni and C. coli -reaction to sodium hippurate hydrolysis and indoxyl acetate hydrolysis. However, the phenotypic differentiation is not always accurate. [7] [8] [9] [10] 16 To address this shortcoming we optimized a genetic method -the multiplex PCR -to identify the two species, which is more accurate and reliable than the phenotypic test. We used primers for detecting conservative genes: cadF -for all types of Campylobacter genus, hipO -for C. jejuni and asp for C. coli. Analysis of the results of multiplex PCR assay, compared with those of the biochemical tests, confi rmed the accuracy of the genetic method and the need for its application in diagnosing campylobacteriosis.
AIM
To develop, optimize and use multiplex PCR assay to identify and discriminate the species of bacteria -C. jejuni and C. coli -that are the most frequent causes of campylobacteriosis in human population.
MATERIALS AND METHODS
We examined 93 samples of clinical material taken from patients with diarrheal syndrome between January 2014 and January 2015.
BACTERIAL STRAINS AND CULTURE CONDITIONS.
The strains were isolated by conventional techniques -the clinical samples were grown on blood agar plates (BulBio-NCIPD, LTD, Sofi a, Bulgaria) using the membrane method with a nitrocellulose membrane fi lters (Sartorius Stedim Biotech GmbH 37070 Goettingen, Germany); they were cultured in microaerophilic atmosphere (5% O 2 , 10% CO 2 and 85% N 2 ) at 42-43°C for 48-72 h. Forty out of 93 strains were isolated and these were biochemically differentiated -positive reaction to sodium hippurate hydrolysis and indoxyl acetate hydrolysis for C. jejuni, and positive reaction to indoxyl acetate hydrolysis for C. coli. The bacterial culture was collected and stored at -20°C for subsequent PCR-analysis.
DNA EXTRACTION.
The DNA of the isolated strains was extracted with Kit (QIAamp DNA Blood Mini Kit-QIAGEN, Germany) according to the manufacturer's instructions.
MULTIPLEX PCR ANALYSIS.
Multiplex PCR assay was used to detect conservative genes: the cadF (16S p DNA) gene, which is typical for Campylobacter spp, hipO -the hippuricase gene characteristic for C. jejuni and the asp -aspartokinase gene characteristic for C. coli. The primers we used and their sequences are shown in Table 1. 17, 18 We also included two reference strains: 814 (C. coli) and ATCC 33560 (C. jejuni) as positive controls for the PCR analysis and ddH 2 O as negative control. The multiplex PCR assay was optimized to function in a fi nal reaction volume of 25 μl with these primers and under these conditions: 1x Taq DNA polymerase buffer; 4 mM MgCl 2 ; 0.2 mM dNTP; 0.03 U/μl Superhot Taq DNA polymerase (set Applichem GmbH, Germany); 0.6 μM cadF-F/R; 0.2 μM asp-F/R; 0.2 μM hipO-F/R. The assay was performed using IQ5TM Real Time PCR System (BIO RAD) under the following cycling conditions: initialization step -denaturation at 94°C for 5 min; then 35 cycles with denaturation at 94°C for 45 
RESULTS AND DISCUSSION
We isolated 40/93 (43.01%) strains of Campylobacter spp. (Fig. 1) . The phenotypic test identifi ed 25 strains of C. jejuni -positive reaction to sodium hippurate hydrolysis (Fig. 2) ; two strains of C. coli -positive reaction to indoxyl acetate hydrolysis (Fig. 3) and 13 strains of Campylobacter spp. Thirteen strains were randomly selected for genetic differentiation: 11 strains of C. jejuni and 2 strains of C. coli.
This assay provided a specifi c PCR product for each of the C. jejuni and C. coli, and each of the amplicons was suffi ciently distinguished by the difference in size by capillary gel electrophoresis that confi rmed 12 strains of C. jejuni and only one strain of C. coli. The second strain, which biochemically was identifi ed as C. coli, was identifi ed in the multiplex PCR assay as C. jejuni because of the presence of the gene hipO (start 6 in Fig. 4) . C. jejuni has the gene hippuricasehipO, but this gene might not be expressed, and the reaction in the phenotypic differentiation may be false positive. 19, 20 The multiplex PCR assay was initially developed and optimized using two Campylobacter reference strains (C. jejuni ATCC 33560 and C. coli Denmark WHO 814). To evaluate the effectiveness of the multiplex PCR assay, all Campylobacter isolates previously identifi ed by conventional biochemical-based identifi cation were tested.
Although these biochemical-based assays successfully identifi ed 12 of 13 isolates, 13 isolates required additional PCR assay to compensate for the low differential power of the biochemical-based assays. The results of the additional PCR assays and the biochemical-based ones are shown in Table  2 . Sequencing analysis of 16S rRNA gene PCR products was performed on 12 C. jejuni isolates, and one C. coli. The genetic differentiation is the more reliable method (Table 2) . Campylobacters are the most common bacterial agents that cause gastroenteritis worldwide.
The estimates of incidence in the developed and developing countries show that Campylobacter related cases are more than the Salmonella-caused infections and these are particularly common in children under the age of two occasionally having lethal outcome. The accurate identification of the infectious agent is of utmost importance. The species of clinical signifi cance that are most frequently isolated are C. jejuni and C. coli. 11-14 ,21 They are usually discriminated on the basis of some phenotypic tests which are time-consuming and labor-intensive. Moreover, these tests are not always accurate because some strains of C. jejuni with hippuricase gene -hipO may not express this gene and the reaction to the sodium hippurate hydrolysis can yield false positive results when the strains are biochemically differentiated. The strain then may be inaccurately identifi ed as C. coli. 19, 20 This method will be further optimized to specifically identify C. jejuni and C. coli directly from feces which will reduce the time and cost of the diagnostic process in Bulgaria where the high incidence of gastrointestinal infections is still an important clinical and socio-economic problem.
CONCLUSIONS
The results of our study suggest that the multiplex PCR assay gives accurate results in the identifi cation process and differentiation of the species that are the most frequent causes of campylobacterioses induced by C. jejuni and C. coli which makes it useful in the clinical diagnostic process.
